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AMENDED CLAIMS 

[received by the International Bureau on 12 February 2004 (12.02.04); 
original claims 1 and 10 amended; remaining claims unchanged 

1 1 . A nuclear magnetic resonance (NMR) logging apparatus ft>; * use in a 

2 borehole for detennining properties of an earth formation si tirounding the 

3 borehole, the apparatus comprising: 

4 (a) a magnet for inducing a static magnetic field in a re^ ion of interest in 

5 die earth formation; 

6 (b) a transmitting antenna assembly for inducing a radic frequency 

7 magnetic field within said region of interest and pro. iucing signals 

8 from materials m the region of interest; and 

9 (c) a receiving antenna assembly for detecting said sigr .als from said 

1 0 region of interest; 

1 1 wherein at least one of the antenna assemblies includes at It ast one magnetic 

1 2 core formed from a non-ferriticjnaterial having low magnel ostriotion. 
13 

1 2. The NMR logging apparatus of claim 1 wherein said materii al has a 

2 higjh internal damping and further comprises a powdered so ft magnetic 

3 material. 
4 

1 3 . The NMR logging apparatus of claim 2 wherein the powder ed soft magnetic 

2 material is non-conductive and has a maximum grain size to 

3 substantially reduce intragranular power loss ar a frequency ' of said radio 

4 frequency magnetic field, 
5 

1 4. The NMR logging apparatus of claim 2 wherein the powde red soft 

2 magnetic material has a maximum grain size less than half j: wavelength of an 

3 acoustic wave having a frequency of said radio frequency n agncric field. 
4 

1 5. The NMR logging apparatus of claim 1 wherein said materj al has a 

2 high internal damping and further has a large area within a 1 lysteresis loop 

3 associated with magnetostrictive deformation of the materia 1. 
4 

1 6. The NMR logging apparatus of claim 2 wherein said at lea; it one antenna 
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core further comprises a non-conductive bonding agent having substantial 
acoustic decoupling between grains. 

The NMR logging apparatus of claim 1 wherein said loggirg apparatus is 
adapted to be conveyed on one of (i) a wireline, and, (ii) a drilling tubular. 

The NMR logging apparatus of claim 1 wherein said material has a low 
magnetostriction and comprises an amorphous metal. 

The NMR logging apparatus of claim 1 wherein the transmitting antenna 
assembly and the receiving antenna assembly are the same. 

A method of determining properties of an earth formation surrounding a 
borehole, the method comprising: 

(a) using a magnet on a nuclear magnetic resonance (NT. 4R) logging 
apparatus conveyed in the borehole for inducing a static magnetic field 
in a region of interest in the earth formation; 

(b) using a transmitting antenna assembly for inducing t radio frequency 
magnetic field within said region of interest and producing signals 
from materials in the region of interest; and 

(c) using a receiving antenna assembly for detecting saw I signals from said 
region of interest; 

the method further comprising using a core for at least one cf the antenna 
assemblies formed from anon ferriticmaterial having low rtiagnetostriction. 

The method of claim 10 wherein said material has a high intsmal damping, 
the method further comprising using a powdered soft magnetic material as 
said material with high internal damping. 

The method of claim 11 further comprising selecting thepovdered soft 
magnetic material to be substantially non-conductive and ha ring a maximum 
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grain size to substantially reduce iniragranular power loss an a frequency of 
said radio frequency magnetic field. 

The method of claim 1 1 further comprising selecting the po « vdered soft 
magnetic material as having a maximum grain size less thaci Haifa 
wavelength of an acoustic wave having a frequency of said ladio frequency 
magnetic field. 

The method of claim 10 wherein said material has high inte* rial damping, the 
method further comprising selecting said material as having a large area 
within a hysteresis loop associated with magnetQStrictive deformation of the 
material. 

The method of claim 1 1 further comprising using in said at 1 sast one antenna 
core a non-conductive bonding agent having substantial acoustic decoupling 
between grains. 

The method of claim 10 further comprising conveying said I JMR logging 
apparatus into said borehole on one of (i) a wireline, and, (ii • a drilling 
tubular. 

The method of claim 10 wherein said material has a low majfnetostriction, the 
method further comprising selecting an amorphous metal fo;i u$e as said 
material. 

The method of claim 10 further comprising using the same antenna for the 
transmitting antenna and the receiving antenna. 

An apparatus for evaluating electrical properties of an earth bimation 

surrounding a borehole, the apparatus comprising: 

(a) a transmitting antenna assembly for conveying a radio frequency 
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4 electromagnetic field into said earth formation; and 

5 (b) a receiving antenna assembly for receiving a signal n esulting from 

6 interaction of said electromagnetic field with said ea rth formation; 

7 wherein at least one of the antenna assemblies includes at least one of: Q) a 

8 magnetic core formed from a material having high internal s nagnetostrictive 

9 damping, and, (II) low magnetostriction. 
10 

1 20. The apparatus of claim 19 wherein said material has a high menial damping 

2 and further comprises a powdered soft magnetic material. 
3 

1 21 . The apparatus of claim 20 wherein the powdered soft magni rtic material is 

2 non-conductive and has a maximum grain size to substantia ly reduce 

3 intragramilar power loss at a frequency of said radio frequency magnetic field. 
4 

1 22. The apparatus of claim 20 wherein the powdered soft magn-i rtic material has a 

2 maximum grain size less than half a wavelength of an acousi tic wave having a 

3 frequency of said radio frequency magnetic field. 
4 

1 23. The apparatus of claim 19 wherein said material has a high i ntemal damping 

2 and further has a large aTea within a hysteresis loop associated with 

3 magnetostrictive deformation of the material. 
4 

1 24. The apparatus of claim 20 wherein said at least one antenna core further 

2 comprises a non-conductive bonding agent having substanti il acoustic 

3 decoupling between grains. 
4 

1 25. The apparatus of claim 19 wherein said apparatus is adapted to be conveyed 

2 on one of (i) a wireline, and, (ii) a drilling tubular. 
3 

1 26. The apparatus of claim 1 9 wherein said material has a low n lagnetostriction 

2 and comprises an amorphous metal. 
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A method of determining a resistivity parameter of an earth formation 
surrounding a borehole, the method comprising: 

(a) using a transmitting antenna assembly on a tool cor veyed in said 
borehole for transmitting a radio frequency electromagnetic field into 
said earth formation; 

(b) using a receiving antenna assembly for receiving a : signal resulting 
from interaction of said electromagnetic field with ? aid earth 
formation; 

(c) using a core for at least one of the antenna assembli ss for enhancing 
the received signals, said core formed from a material having at least 
one of (9 high internal magnetostrictive damping, aod, (II) low 
magnetostriction. 

The method of claim 27 wherein said material has a high in ternal damping, 
the method further comprising using a powdered soft magi etic material as 
said material with high internal damping. 

The method of claim 28 further comprising selecting the powdered soft 
magnetic material to be substantially non-conductive and hv.ving a maximum 
grain size to substantially reduce intragranular power loss a a frequency of 
said radio frequency magnetic field. 

The method of claim 28 further comprising selecting the po vdered soft 
magnetic material as having a maximum grain size less thar half a wavelength 
of an acoustic wave having a frequency of said radio freque icy magnetic 



The method of claim 27 wherein said material has high internal damping, the 
method further comprising selecting said material as having a large area 
within a hysteresis loop associated with magnetostrictive deformation of the 
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The method of claim 28 further comprising using in said at least one antenna 
core anon-conductive bonding agent having substantial acoustic decoupling 
between grains. 

The method of claim 27 wherein said material has a low maignetostriction, the 
method further comprising selecting an amorphous metal f<: r use as said 
material. 

The method of claim 27 wherein said tool is conveyed into ihe borehole on 
one of (i) a wireline, and, (ii) a drilling tubular. 

An apparatus for evaluating electrical properties of an earth formation 
surrounding a borehole, the apparatus comprising: 

(a) a transmitting antenna assembly for conveying an el s ctromagnetic 
field into said earth formation; and 

(b) a receiving antenna assembly for receiving a signal i esulting from 
interaction of said electromagnetic field with said ea rth formation; 

wherein at least one of said antenna assemblies includes at 1 sast one magnetic 
core formed from a non-fenitic powdered soft magnetic raaierial having high 
saturation flux density and anon-conductive bonding agent, said magnetic 
core having a magnetic permeability : m less than 500 and w aerein said 
saturation flux density is greater than about 0.4 T. 

The apparatus of claim 35, wherein the magnetic core fiirther comprising 
dimensions which are related to the direction of an RF magi! etic field 
produced by the transmitter coil and to the magnetic permea>ility of the 
powdered soft magnetic material. 

The apparatus of claim 35 wherein the powdered soft magnetic material is 
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2 conductive and has a maximum grain size to substantially pi event 

3 intragranular power loss of said transmitted electromagnetic, signal. 
4 

1 38. The apparatus of claim 35 wherein an effective demagnetia ng factor of the 

2 magnetic core in a direction of the radio frequency magnetic field 

3 substantially exceeds the inverse magnetic permeability of tl te powdered soft 

4 magnetic material. 
5 

1 39. The apparatus of claim 36, wherein the core has an effectivi * permeability, \x, 

2 less than 5, as defined by a first equation, 

3 H«l + (Htn-l)/((^-l)D+l), 

4 wherein D, the demagnetizing factor can be estimated from ;ln elliptic 

5 equivalent of the cross-section of the core, as defined by a second equation, 

6 D = S x /(S x -hS y ), 

7 wherein Sx and Sy represent the elliptic equivalent dimensic ns in horizontal 

8 and vertical dimensions respectively, in a plane the core. 
9 

1 40. The apparatus as defined in claim 35 wherein the powdered soft magnetic 

2 material possesses a maximum magnetic permeability given a predetermined 

3 maximum RF antenna power loss. 
4 

1 41 . The apparatus of claim 35 wherein said flux density is greater than that of a 

2 magnetic core consisting primarily of fenite. 
3 

1 42, The apparatus of claim 35 wherein the magnetic core further comprises 

2 relative dimensions that are related to the direction of the RI magnetic field 

3 and to the magnetic permeability of rhe powdered soft magn stic material. 
4 

1 43 . A method of making measurem ents of a parameter of interejs t of an earth 

2 formation comprising: 

3 (a) conveying a logging tool into a borehole in said eartl formation; 
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4 (b) using a transmitter antenna assembly on the logging too for 

5 conveying an electromagnetic field into the earth foimation; 

6 (c) using a receiver antenna assembly for detecting sign als resulting from 

7 interaction of said electromagnetic field with said ea rth formation, and 

8 (d) including in at least one of the antenna assemblies a magnetic core 

9 formed from a non-ferritic powdered soft magnetic q naterial having 

10 high saturation flux density and a non-conductive bonding agent, said 

1 1 magnetic core having a magnetic permeability : m less than 500 and a 

12 saturation flux density greater than about 0.4T. 
13 

1 44. The method of claim 43 further comprising selecting dimea sions for the 

2 magnetic core which are related to the direction of the magi etic field and to 

3 the magnetic penneability of the powdered soft magnetic m aterial. 
4 

1 45. The method of claim 43 further comprising selecting relative dimensions for 

2 the magnetic core which are related to the direction of the magnetic field and 

3 to the magnetic penneability of the powdered soft magnetic material 
4 

1 46. The method of claim 43 wherein the powdered soft magnetic material is 

2 conductive, the method further comprising selecting a maxi num grain size for 

3 the soft magnetic material to substantially prevent intragran alar power loss of 

4 said radio frequency magnetic field. 
5 

1 47. The method of claim 43 wherein an effective demagnetizing factor of the 

2 magnetic core in the direction of the magnetic field substanl ially exceeds the 

3 inverse magnetic permeability of the powdered soft magnet: c material. 
4 

1 48. The method of claim 47, wherein the core has an effective p ermeability, jj. 9 

2 less than 5, as defined by a first equation, 

3 M- = U(Mm~l) / ((M m -1>D + 1), 

4 wherein D 9 the demagnetizing factor can be estimated from an elliptic 
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5 equivalent of the cross-section of the core, as defined by a second equation, 

6 D=S x /(S x + S y ), 

7 wherein Sx and Sy represent the elliptic equivalent dimensii ins in horizontal 

8 and vertical dimensions respectively, in a plane the core. 
9 

1 49. The method of claim 43 5 wherein the powdered soft magnet ..c material 

2 possesses a maximum magnetic permeability given a predetermined 

3 maximum RF antenna power loss. 
4 

1 50. The method of claim 43, wherein the magnet and the antenn a possess an 

2 elongation direction, the radio frequency magnetic field and the static 

3 magnetic field being perpendicular to the elongation direct! m 
4 
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